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Summary  ( UL) : 

Compression  tests  on  five  stiffened  N8  aluminium  alloy  plates 
covering  typical  full  scale  warship  scantlings  are  described.  The 
panels  were  manufactured  using  normal  shipyard  production  methods 
to  ensure  typical  initial  distortion  and  residual  stresses. 

Maximum  loads  and  post-buckling  load/deflection  results  are 
compared  with  theoretical  predictions  using  the  ARE  computer 
program  N106C. 
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INTERFRAME  BUCKLING  OF  ALUMINIUM  ALLOY 
STIFFENED  PLATING 


INTRODUCTION 


1.  Although  the  only  recent  major  use  of  aluminium  alloys  in 
British  warship  hulls  has  been  the  superstructure  of  the  Type  21 
frigates,  they  have  potential  applications  for  advanced  naval 
vessels  eg  SWATHs,  hydrofoils  and  Surface  Effect  Ships.  For  this 
reason  it  was  considered  that  a  series  of  measurements  and  tests 
should  be  conducted  to  raise  our  understanding  of  the  factors 
affecting  the  buckling  of  stiffened  aluminium  plating  nearer  to 
our  current  understanding  of  steel  structures. 

2.  Four  panels  3.7  m  z  2.7  m  with  different  plate  and  stiffener 
sizes  were  ordered  from  Yarrow  Shipbuilders  Ltd.  Normal  ship¬ 
building  practice  was  requested  for  welding  to  ensure  typical 
imperfections.  During  construction  extensive  measurements  to 
obtain  in-built  residual  stresses  were  taken  by  ARE  and  after 
manufacture  the  panels  were  surveyed  to  obtain  plate  and  stiffener 
distortion  (1)*.  Each  panel  was  then  cut  into  two  and  end  and 
side  supports  were  welded  on  to  give  eight  compression  test 
specimens  each  having  three  longitudinals  and  two  full  frame 
spaces.  Compression  tests  have  now  been  carried  out  on  five  of 
these  and  the  results  are  presented  here  and  compared  with 
theoretical  estimates. 

3.  The  tests  were  similar  to  those  previously  reported  for 
stiffened  steel  structures  (2)  except  that  the  sides  of  the 
specimens  were  supported  only  at  the  frames  so  that  the  failure 
mode  was  interframe  buckling,  and  secondly  the  applied  loading  was 
displacement  controlled  so  that  the  post-buckling  behaviour  could 
be  monitored.  A  secondary  objective  of  the  tests  was  to  check  the 
theoretical  estimates  of  post-buckling  behaviour  calculated  by  the 
ARE  program  N106C  (3). 

4.  In  parallel  with  these  tests  theoretical  and  experimental 
work  was  carried  out  on  the  development  of  weld  induced  residual 
stresses  and  distortion  at  Cambridge  University  (4)  and  on  plate 
buckling  at  Imperial  College  (5)  and  Cambridge  University  (6,7). 

EXPERIMENTAL  DETAILS  AND  PROCEDURE 

Details  of  Test  Grillages 

5.  The  stiffened  panels  from  which  the  test  grillages  were  taken 
were  fabricated  in  N8  (5083)  aluminium  alloy.  The  first  three 
panels  had  identical  longitudinal  stiffeners  (38  x  76  mm  x 

1.65  kg/m  T  bars)  with  nominal  plate  thicknesses  of  5,  8  and 
12  mm.  The  fourth  panel  had  8  mm  thick  plating  with  78  x  8  mm 
flat  bar  longitudinal  stiffeners.  In  all  cases  the  transverse 
frames  were  64  x  127  mm  x  3.85  kg/m  T  bars  at  a  spacing  of  1000mm. 


)  References  on  Page  12 
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6.  The  panels  were  divided  into  two  test  grillages,  each  with 
dimensions  as  shown  in  Figure  1.  This  subdivision  resulted  in 
each  grillage  containing  two  different  plates  joined  by  a 
longitudinal  butt  weld  offset  from  the  centreline.  The  ends  of 
the  grillages  were  reinforced  with  doubler  plates  to  avoid  local 
failures  and  steel  beams  were  used  to  distribute  the  load  from  the 
four  jacks  at  one  end  and  the  six  load  cells  at  the  other.  The 
width  of  the  plating  along  the  outer  edges  was  chosen  to  have  an 
elastic  buckling  stress  with  one  edge  simply  supported  equal  to 
that  for  a  full  width  panel  simply  supported  on  both  edges.  Under 
elastic  interframe  buckling  the  grillage  can  therefore  be  con¬ 
sidered  to  represent  the  combined  behaviour  of  three  longitudinal 
stiffener/plate  sections.  In  the  absence  of  buckling,  ie  for 
uniform  elastic  or  plastic  stresses  the  total  cross  sectional  area 
represents  approximately  2.75  stiffener/plate  combinations.  An 
estimated  allowance  for  this  difference  has  been  made  below  when, 
comparing  measurements  with  theoretical  predictions.  The  error  in 
this  estimate  is  thought  to  be  small,  but  can  be  checked  later 
using  three  dimensional  elasto-plastic  finite  element  analysis  if 
considered  necessary. 

7.  Average  grillage  dimensions  and  material  properties  are 
summarised  in  Table  1,  and  Table  2  gives  plate  slenderness 
parameters  and  upper  limits  to  the  failure  loads  based  on  plate 
buckling  with  no  allowance  for  stiffener  deformations. 

Yield  Stress  Measurements 


a.  Tensile  stress/strain  measurements  were  made  on  at  least  six 
specimens  from  each  plate  and  group  of  stiffeners.  In  order  to 
establish  the  effect  of  strain  rate  and  hold  time  a  number  of 
these  were  tested  according  to  the  recommendations  of  the  DOE-TRRL 
Panel  for  Testing  Procedures  for  Steel  Models  (8),  ie  at  a  strain 
rate  of  300  pe/min  with  a  hold  of  2  mins  at  a  strain  of  0.005. 
Since  it  was  found  that  testing  at  3000  pc/min  gave  very  similar 
results  roost  of  the  testing  was  carried  out  at  this  rate.  The 
average  reduction  in  0.2%  proof  stress  at  300  pe/min  below  that  at 
3000  pc/min  was  2%.  There  were  further  load  reductions  during  the 
2  min  hold  of  2.0%  at  a  strain  of  0.005  and  2.6%  at  0.01. 

9.  Attempts  were  made  to  measure  the  compressive  yield  but  these 
were  not  satisfactory  because  of  buckling  effects.  Cambridge 
University  (6)  have  developed  a  technique  using  small  coupons  with 
PTFE  anti-buckling  supports.  They  report  compressive  values  for 
N8  aluminium  alloy  but  there  are  no  corresponding  tensile  values. 
In  steel,  comparisons  (8)  have  given  static  yield  values  3%  higher 
in  compression  but  the  CP118  minimum  specified  proof  stresses  for 
N8  aluminium  alloy  are  5.6%  lower  in  compression.  In  the  absence 
of  any  other  information  it  has  been  assumed  in  the  theoretical 
analysis  reported  below  that  there  is  no  significant  difference  in 
the  yield  behaviour  in  compression,  but  a  total  reduction  of  4% 
has  been  allowed  for  hold  time  effects.  This  reduction  has  not 
been  included  in  the  values  given  in  Table  1  or  in  the 
stress/strain  curves  for  the  stiffeners  shown  in  Figures  2  to  4. 

It  can  be  seen  from  the  proof  stress  values  in  Table  1  that  the 
variation  from  plate  to  plate  is  much  greater  than  the  hold  time 
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correction.  Within  each  plate  the  results  are  fairly  consistent 
but  results  for  the  stiffeners  showed  a  large  scatter  as  can  be 
seen  from  Figures  2  to  4.  In  fact  the  average  proof  stress  of 
87  MN/m^  for  the  flat  bar  stiffener  is  below  the  minimum 
specification  value  of  125  MN/m^  for  N8  alloy  (9). 

Residual  Stress  and  Distortion  Measurements 

10.  Full  details  of  the  measurements  on  the  original  panels  are 
given  in  (1).  Residual  stresses  were  determined  from  accurate 
distance  measurements  between  indents  on  the  plate  surface  before 
and  after  welding.  Average  and  maximum  values  are  given  in 
Table  1.  The  stiffeners  all  exhibited  a  combination  of  direct  and 
bending  stress  but  there  was  no  systematic  correlation  between  the 
magnitude  of  the  bending  stress  and  the  stiffener  distortion. 

11.  Plate  deformations  are  given  in  Teible  1  and  stiffener 
distortions  in  TeJsle  3.  The  stiffener  distortions  were  measured 
using  three  different  methods.  The  original  panels  were  surveyed 
with  a  displacement  transducer  mounted  on  a  bar,  and  measurements 
were  also  made  using  a  swept  laser  beam  as  a  reference  plane  as 
reported  in  (1).  As  a  further  check  some  measurements  were  also 
made  after  the  test  grillages  had  been  manufactured  using  the 
laser  deflection  method  described  in  (10).  All  three  sets  of 
values,  where  available,  are  listed  in  Table  3.  It  can  be  seen 
that  there  are  quite  large  differences  in  the  results  although 
they  show  similar  trends.  The  initial  measurements  were  all  made 
on  the  plate  side  and  some  of  the  variation  could  be  due  to  local 
distortions  in  the  plate  surface  caused  by  welding.  The  laser 
measurements  on  the  final  grillages  were  made  on  both  the  plate 
side  and  on  the  stiffener  flanges.  The  results  again  show  the 
same  trends  with  differences  of  typically  0.5  mm  between  measure¬ 
ments  on  either  side.  An  exceptionally  large  difference  was 
recorded  for  stiffener  6  of  grillage  4A  which  also  has  the  largest 
distortion  measured  on  either  aide.  In  this  cane  there  may  have 
been  a  significant  difference  in  the  weld  gap  during  fabrication. 

12.  Table  3  also  gives  the  values  assumed  in  the  theoretical 
analysis.  Any  apparently  inconsistent  values  have  been  eliminated 
before  taking  averages. 

Loading  Rio  and  Instrumentation 

13.  The  test  frame  is  illustrated  in  Figure  5.  The  grillages 
were  loaded  by  four  500  kN  Dartec  servohydraulic  jacks  operated  in 
displacement  mode.  These  incorporate  load  cells,  but  as  a  check 
on  the  longitudinal  loading  at  the  supports  the  load  was  also 
measured  at  the  reaction  end  using  six  load  cells.  The  supports 
at  the  frame  ends  were  double  bottle  screws  connected  to  bars 
which  enabled  the  top  and  bottom  connections  to  slide  longitudi¬ 
nally  under  load.  The  upper  supports  can  be  seen  in  Figure  6, 
similar  supports  were  attached  underneath. 

14.  For  grillage  3A  theoretical  estimates  of  the  failure  load 
(Figure  30)  suggested  that  this  might  exceed  the  2000  )cN 
available,  and  two  250  )cN  pressure  controlled  jacks  were  added  to 


-  6  - 


I 

1 


UNLIMITED 


UNLIMIT  . 


the  rig  for  this  test.  Hhen  the  load  on  the  servohydraulic  jacks 
reached  600  kN  these  jacks  were  switched  in.  Although  the  failure 
"!  load  did  not  exceed  2000  kN  they  were  useful  as  it  was  found  that 

the  pump  pressure  was  low  and  the  servohydraulic  jacks  could  only 
provide  a  total  load  of  1680  kN. 

15.  The  strain  in  the  plating  and  longitudinals  was  monitored 
using  foil  resistance  strain  gauges  distributed  as  shown  in 
Figure  7.  These  were  recorded  via  a  Peekel  strain  gauge  logger 
for  subsequent  computer  analysis.  Plate  and  stiffener 

^  deflections  were  monitored  by  ARE  deflection  transducers  arranged 

as  shown  in  Figure  8.  These  were  supported  on  a  Dexion  datum 
frame  which  has  been  removed  in  Figure  6  but  can  be  seen  in  Figure 
^  9a.  The  deflection  signals  were  also  recorded  by  the  Peekel 

*  logger. 

16.  An  additional  measure  of  plate  deflection  was  obtained  from  a 
transducer  which  was  scanned  along  the  centreline  of  the  plate 
panels  on  the  unwelded  side  (see  track  in  Figure  8).  The  output 
was  recorded  on  an  X-Y  plotter  and  subsequently  digitised  to 
produce  scaled  plots. 

Test  Procedure 

17.  The  height  of  the  test  grillages  within  the  rig  was  adjusted 
with  the  bottle  screws  until  the  centreline  of  the  jacks  and  load 
cells  coincided  with  the  calculated  position  of  the  neutral  axis. 
The  flexure  plates  were  than  clamped  in  position. 

18.  The  load  was  applied  by  the  four  jacks  operating  together  in 
displacement  mode  so  that  the  post  buckling  behaviour  could  be 
determined.  At  a  number  of  points  over  the  load/deflection  curve 
the  strains  and  deflections  were  logged.  The  deflection  was  held 
for  at  least  three  minutes  before  logging  to  minimise  short  term 
creep  effects.  At  a  number  of  load  increments  prior  to  buckling 
the  load  was  returned  to  zero  and  the  strains  were  logged  so  that 
stresses  could  be  determined  from  the  elastic  relaxation.  The 
plate  deflection  was  scanned  at  each  load  point  using  the  trans- 

j  ducer  mentioned  above. 

19.  At  the  higher  deflections  care  had  to  be  taken  to  ensure  that 
the  grillage  did  not  move  the  datum  frame,  and  deflection  trans¬ 
ducers  which  were  nearing  their  limiting  range  were  removed  or 
reset.  The  tests  were  continued  until  the  overall  behaviour  could 
no  longer  be  accurately  monitored. 

RESULTS 


Load/Deflection  Behaviour 

20.  The  loading  sequence  and  average  deflections  for  each 
grillage  are  given  in  Tables  4a  to  4e.  The  loads  quoted  are  the 
average  of  the  values  given  by  the  load  cells  and  the  jacks.  The 
maximum  differences  between  this  average  and  the  jack  load  were 
2.6%  at  the  maximum  load  and  3.8%  at  the  maximum  deflection.  The 
longitudinal  deflections  quoted  are  the  average  values  of  the 
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differences  between  the  appropriate  four  pairs  of  transducers 
illustrated  in  Figure  8.  6i  Is  the  length  change  over  the  frame 
space  nearest  to  the  jacks,  62  is  the  corresponding  value  for  the 
other  frame  space,  and  63  is  the  change  in  overall  length  of  the 
grillage.  In  each  case  a  contraction  is  shown  as  negative.  As  in 
general  the  measuring  points  did  not  coincide  with  the  neutral 
axis  a  correction  has  been  applied  to  allow  for  the  effect  of 
rotation  of  the  transverse  frames.  The  method  used  is  described 
in  Appendix  A. 

21.  wi  and  W2  are  average  values  of  the  vertical  deflections  of 
the  three  stiffeners  in  each  frame  space  relative  to  their  ends 
(positive  upwards).  The  deflections  of  each  stiffener  are  listed 
separately  in  Tables  5a  to  5e.  The  values  for  stiffeners 
deflecting  downwards  are  less  accurate  for  large  deflections 
because  of  the  effect  of  stiffener  tripping,  which  tended  to  occur 
near  the  centre  of  the  frame  space,  ie  near  the  location  of  the 
vertical  deflection  transducer  on  the  table. 

22.  The  permanent  deformation  after  the  final  load  is  illustrated 
in  Figures  9  to  11.  In  many  cases  the  maximum  deflection  did  not 
coincide  with  the  location  of  the  deflection  transducer  so  the 
results  have  not  been  presented  here.  In  all  cases  the  tripping 
only  became  noticeadJle  in  the  post-buckling  region  and  did  not 
appear  to  influence  the  maximum  load. 

23.  Figure  12  shows  the  load/deflection  curves  across  both  frame 
spaces  for  each  grillage,  and  Figures  13  to  17  show  the  values  for 
each  frame  space  separately.  For  grillage  3A  there  was  a  sudden 
jump  in  deflection  just  past  the  maximum  load  and  the  probable 
path  is  shown  dotted.  In  addition  to  the  measurements  taken  after 
three  minute  holds,  continuous  load/overall  grillage  contraction 
plots  were  taken  as  an  indication  of  the  behaviour  of  the  grillage 
during  the  test.  For  other  grillages  the  load  scale  was  the 
output  from  one  jack  only  and  the  results  are  not  included  here. 
For  grillage  3A,  which  was  the  last  grillage  tested,  the  jack 
signals  were  summed  to  give  total  load  and  the  trace  for  the  final 
loading  is  illustrated  in  Figure  18.  It  can  be  seen  that  near  the 
maximum  load  the  reduction  during  the  three  minute  hold  is 
considerable.  The  dynamic  jump  does  not  occur  at  constant 
grillage  displacement  because  the  frame  acts  as  a  spring  and  there 
is  an  additional  contraction  as  the  stiffness  of  the  grillage 
reduces.  The  stiffness  of  the  frame  can  be  determined  from  the 
difference  between  the  jack  displacement  and  the  overall  grillage 
displacement.  Results  from  all  five  tests  fall  within  the  band 
shown  in  Figure  19.  The  non-linearity  is  thought  to  be  partly  due 
to  the  initial  closure  of  gaps,  eg  bolt  clearances,  in  the  rig. 
This  plot  can  be  used  to  define  the  limiting  post-buckling 
stiffness  which  can  be  controlled  in  the  frame. 

24.  It  can  be  seen  from  Tables  4a  and  5a  that  the  stiffeners  in 
grillage  lA  did  not  behave  similarly.  In  one  frame  space  the 
outer  stiffeners  deformed  vertically  in  opposite  directions 
producing  a  considerable  amount  of  twist  in  the  structure.  It  was 
decided  therefore  to  test  the  second  grillage  fabricated  from 
Yarrows  panel  1  as  well.  This  grillage  (IB)  behaved  much  more 
uniformly,  but  as  can  be  seen  from  Figure  12  the  load/shortening 
curves  were  very  similar. 


-  8  - 


UNLIMITED 


UNLIMITED 


Plate  Deformation 


25.  Figures  20  to  23  show  the  plate  deflection  traces  measured 
along  the  centreline  of  the  plate  panels  on  the  unwelded  side  (see 
Figure  8),  It  was  not  possible  to  obtain  a  complete  trace  at  some 
of  the  higher  loads  because  the  deflection  transducer  was  out  of 
range.  In  some  cases  therefore  the  permanent  deformation  shown 
corresponds  to  higher  load  values  than  for  the  deformation  shown 
under  load.  Tables  4b  to  4e  give  the  load  levels  corresponding  to 
the  scan  numbers. 

26.  A  large  part  of  the  deflection,  particularly  in  the  case  of 
grillage  3A  which  has  the  thickest  plate,  is  due  to  the  stiffener 
distortion.  It  can  be  seen  that  the  plating  generally  buckles 
into  three  half  waves  and  that  the  initial  deformation,  particu¬ 
larly  for  grillage  IB  has  a  three  half  wave  component. 

Plate  Stresses 


27.  The  longitudinal  stresses  derived  from  the  elastic  strain 
relaxation  is  shown  in  Figures  24  to  26.  Account  was  taken  of 
transverse  strains  using  a  Poisson's  ratio  of  0.3.  In  the  plate 
the  values  are  the  average  of  the  top  and  bottom  gauges.  At  the 
stiffener  positions  the  values  were  interpolated  to  give  the 
stress  at  the  centre  of  the  plate. 

28.  The  reason  for  the  low  values  on  one  gauge  for  grillage  3A  is 
not  known  but  could  be  due  to  partial  failure  of  the  adhesive. 

The  average  plate  stresses  have  been  derived  by  integrating  these 
values  and  are  plotted  against  edge  strain  as  a  fraction  of  yield 
values  in  Figure  27.  These  plots  have  been  used  to  check  the 
validity  of  the  stress/strain  curves  assumed  in  the  theoretical 
analysis  discussed  below. 

COMPARISON  WITH  THEORETICAL  PREDICTIONS 


29.  A  number  of  calculations  have  been  carried  out  using  the 
computer  program  N106C  (3)  to  give  an  indication  of  the  accuracy 
of  this  program  in  predicting  maximum  loads  and  post-buckling 
behaviour.  A  single  stiffener  and  associated  plating  was 
represented  and  symmetric  behaviour  was  assumed  beyond  the  mid 
frame  positions.  Each  half  frame  length  was  subdivided  into  ten 
elements  each  with  twenty  fibres  representing  the  stiffener  and 
one  variable  width  fibre  representing  the  plating.  Since  measured 
residual  stresses  in  the  stiffeners  were  low  and  variable  in  sign 
they  were  ignored  in  this  analysis. 


30.  Following  the  recommendation  of  Dier  and  Dowling  (6)  and 
Moflin  and  Dwight  (6)  it  was  assumed  that  the  non  dimensionalised 
plate  behaviour  could  be  represented  by  that  for  steel  with  the 


same  6  value 


S 


b/t 


0 

r" 


Appropriate  curves  were  therefore 


selected  (via  the  parameter  NEW  in  N106)  which  corresponded  to  a 
b/t  value  which  for  steel  would  give  the  same  p.  This  was  not 
possible  for  grillage  IB  since  the  equivalent  b/t  in  steel  (160) 
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was  outside  the  range  of  values  incorporated  in  the  program.  From 
the  residual  stress  and  distortion  measurements  (1)  it  appeared 
that  the  appropriate  curves  would  be  between  the  "nearly  perfect" 
and  "moderate"  sets  given  in  (3).  Since  the  effective  b/t  values 
did  not  coincide  exactly  with  the  values  available  calculations 
were  carried  out  for  two  NEW  values  which  bracketed  the  range,  ie 
"nearly  perfect",  low  b/t  and  "moderate",  high  b/t.  For  grillage 
IB  the  best  approximation  available  was  to  use  the  b/t  =  90  curve 
for  "severe"  imperfections.  This  was  slightly  above  the  curve 
shown  in  Figure  27.  Calculations  were  also  carried  out  for  this 
grillage  using  the  Faulkner  formula  (NEM  =3).  In  each  case 
calculations  were  made  using  the  average,  and  maximum  vertical 
stiffener  distortions  given  in  Table  3.  The  average  values  are 
probably  more  representative  as  there  will  be  an  interaction  in 
the  buckling  behaviour  of  adjacent  stiffeners. 

31.  Results  of  the  calculations  are  compared  with  the  measured 
load/ shortening  behaviour  in  Figures  28  to  31.  Except  in  the  case 
of  grillage  3A  where  the  calculated  load/displacement  curve  has  a 
sharp  peak,  the  estimates  of  maximum  load  bracket  the  measured 
values.  In  each  case  however  the  post-buckling  load  carrying 
capability  is  underestimated.  One  contribution  to  this  difference 
is  the  rotational  restraint  at  the  ends  of  the  transverse  frames 
provided  by  the  supports.  The  rotational  stiffness  of  these 
supports  was  measured  after  the  tests  by  applying  a  known  moment 
and  results  are  given  in  Figure  32.  Over  the  initial  part  of  the 
range  the  plot  is  linear  with  a  stiffness  of  2.0  x  10^  Nmm/radian 
which  corresponds  to  1.4  x  10^  Nmm/radian  per  stiffener.  Figure  33 
shows  the  effect  of  rotational  constraint  on  the  buckling 
behaviour  of  grillage  IB  (NEW  =  31,  Average  stiffener  distortion). 
The  measured  value  of  1.4  x  10^  Nmm/radian  gives  a  significant 
increase  in  the  post-buckling  strength,  but  a  value  of 
approximately  5  x  10^  Nmm/radian  would  be  needed  to  match  the 
observed  behaviour.  A  possible  explanation  is  the  effect  of  the 
short  end  frames  which  are  reinforced  with  doubler  plates.  These 
are  not  represented  by  the  simple  two  half  span  model  used  for 
these  comparisons. 

RECOMMENDATIONS  FOR  FURTHER  WORK 

32.  It  is  important  to  establish  the  reason  for  the  difference  in 
the  predicted  and  measured  post-buckling  behaviour.  Some  NlO'iC 
calculations  should  therefore  be  carried  out  using  a  four  span 
representation  which  includes  the  effect  of  the  stiffer  end 
sections.  The  effect  of  residual  stresses  in  the  stiffeners 
should  also  be  investigated  to  see  if  these  are  a  possible  t  ea  con 
for  the  over-estimate  of  the  peak  load  for  grillage  3A. 

33.  There  are  three  remaining  test  grillages  2B,  3B  and  411. 

These  have  welded  edge  supports  but  have  not  been  strain  gauged. 
Consideration  will  be  given  to  testing  these  with  fully  rotation.il 
frame  supports  to  eliminate  this  uncertainty  in  the  comparir.cn. 
Attention  will  also  be  given  to  the  accurate  measurements  of 
longitudinal  displacements,  but  it  should  be  possible  to  simplify 
the  instrumentation  by  omitting  the  strain  measurements  and  some 
of  the  deflection  measurements. 
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CONCLUSIONS 


34.  One  of  the  most  significant  facts  to  emerge  from  these  tests 
is  the  variation  in  yield  strength  in  material  which  is  supposed 
to  satisfy  the  N8  specification.  If  aluminium  alloy  is  used  in 
future  ships  in  critical  locations  where  strength  is  important  it 
will  be  necessary  to  have  adequate  quality  control. 

35.  It  appears  that  in  most  cases  the  maximum  strength  of 
aluminium  alloy  structures  can  be  calculated  using  N106C  with  the 
plating  behaviour  represented  by  an  equivalent  steel  b/t  value 
giving  the  same  6.  It  should  be  noted  that  the  peak  load  for 
sharply  varying  load/deflection  curves  may  be  overestimated. 

36.  The  post-buckling  strength  measured  during  the  test  was  . 
higher  than  that  predicted  by  the  simple  two  half  frame  finite 
element  model  used.  This  was  partly  due  to  the  rotational 
restraint  at  the  frame  ends  but  could  also  be  due  to  the 
additional  rotational  restraint  at  the  ends  provided  by  the  short 
sections  with  doubler  plates.  It  should  be  noted  that  since 
design  calculations  are  usually  carried  out  using  the  two  half 
frame  representation,  there  will  be  a  similar  underestimation  of 
the  post-buckling  strength  for  stiffeners  close  to  hard  corners 
where  the  frame  rotation  is  constrained  and  in  cases  where  the 
collapse  only  occurs  over  one  or  two  frame  spaces. 

37.  In  future  tests  care  should  be  taken  to  minimise  errors  in 
longitudinal  displacements  caused  by  frame  rotation. 
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APPENDIX  A 

CORRECTION  OF  LONGITUDINAL  DISPLACEMENTS  FOR 
ROTATION  OF  TRANSVERSE  FRAMES 

Figure  A1  shows  the  arrangement  adopted  for  the  measurement 
of  longitudinal  displacements.  In  order  to  avoid  errors  due  to 
contact  between  the  transducer  and  the  plating  when  buckling  and 
vertical  movement  of  the  grillage  occurred  it  was  found  necessary 
to  raise  the  pointer  above  the  neutral  axis  for  later  tests.  E^ven 
in  the  initial  tests  the  small  vertical  movement  of  the  frames 
relative  to  the  transducer  supports  was  sufficient  to  introduce  an 
error  in  the  longitudinal  measurement. 

If  the  point  is  a  distance  h  above  the  neutral  axis  rotation 
of  the  frame  by  an  angle  0  introduces  an  error  h  sin  6. 

If  the  ends  of  the  frames  were  simply  supported  and  the 
stiffener  exhibited  constant  curvature  the  radius  of  curvature  is 
given  by 


R 


8w 


(for  w  «  L) 


and  the  angle  at  the  ends  is  given  by 
Sin  0  =  L/2R 

where  L  is  the  length  of  the  frame 

and  w  is  the  vertical  deflection  at  the  centre  of  the 

stiffener  (+ve  upwards) 

Hence  the  correction  due  to  this  rotation  is  given  by 


AL 


4  h  w 
~T- 


The  fractional  error  in  this  correction  associated  with 
assuming  w  <<  L  is  equal  to  (2w/L)^  which  is  less  than  1%  for  the 
maximum  vertical  deflection  measured  (35  mm). 

The  ends  of  the  stiffeners  are  not  simply  supported  but  are 
influenced  by  the  deflection  in  the  adjacent  frames.  For  the 
central  frame  it  is  assumed  that  if  wj  =  -wz  the  rotation  will  be 
as  assumed  above,  but  if  Wj  =  W2  the  rotation  will  be  zero. 

For  Wj  ^  W2  a  linear  relation  between  these  two  extremes  is 
assumed  giving  corrections  of : 


2  h 
L 

( Wj 

-  W2)  for 

the 

first  frame 

space 

2  h 
L 

(Wi 

-  Wj)  for 

the 

second  frame 

space. 
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The  deformation  of  the  outer  frame  spaces  with  doubler  plates 
is  small  amd  is  assumed  to  be  negligible  so  that  using  the  same 
assumption  the  corrections  for  the  outer  frames  are 

for  the  first  frame  space 

for  the  second  frame  space 

giving  total  corrections  of 
2  h 

- ~(2wi  -  W2)  for  the  first  frame  space 

2  ^ 

and - -  wj)  for  the  second  frame  space. 

The  correction  over  both  frame  spaces  is  given  by 
2  h  , 

- ^  ( w  1  +  w  2) 

which  in  most  cases  is  less  since  w^  and  W2  tend  to  have  opposite 
signs. 

These  corrections  have  been  applied  to  the  measured  longi¬ 
tudinal  end  shortening  using  the  mean  vertical  displacements  of 
the  three  stiffeners  in  each  case. 


2  h  Wi 

”T 

2  h  W2 
and  -  - 
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